Background: The authors determined the incidence of cardiac arrest and predictors of survival following perioperative cardiac arrest in a large population of patients at a tertiary referral center.
IN 1954, the first comprehensive study of anesthesiarelated mortality and anesthesia-related cardiac arrests in the United States was reported. 1 Numerous subsequent studies examined perioperative cardiac arrest, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] with the incidence depending on the study period reported, on how the perioperative period was defined (intraoperative only, 5, 8 intraoperative and recovery from anesthesia, 15 first 24 postoperative hours, 4, 18 first 2 postoperative days, 19 7 postoperative days, 3 or 30 postoperative days) 11 and whether cardiac arrest was a direct complication of anesthesia 8, 18 or whether anesthesia was just a contributing factor. 18, 19 Furthermore, incidence of cardiac arrest and mortality may depend on the surgical population; some studies examine all types of surgery, 5, 7, 17 while others exclude cardiac surgery 12 or obstetrical surgery. 9 Many authors believe that the frequency of anesthesiarelated cardiac arrest has declined over recent decades. However, trends in both the frequency of perioperative cardiac arrest and anesthesia-related mortality remain controversial, with a recent review questioning whether in fact these rates have changed over the past five decades. 19 Although much attention has rightly been focused on issues surrounding the frequency of perioperative cardiac arrest, there is relatively little information regarding factors that determine its outcome. Factors such as the American Society of Anesthesiologists physical status (ASA PS) and age have been individually examined in univariate analysis, 18, 20 but most studies have insufficient numbers of cases to perform multivariate analysis that would identify independent factors predicting outcome.
The primary aim of this study was to determine, in a large population of patients undergoing noncardiac surgery at a tertiary referral center, independent risk factors for immediate (within 1 h) and in-hospital mortality following perioperative cardiac arrest. The perioperative period was defined as the time from the induction of anesthesia to postanesthesia care unit discharge or intensive care unit admission. While pursuing this objective, we also generated data regarding trends in the frequency of perioperative cardiac arrest over the 11-yr study period, from 1990 to 2000 (inclusive). In a secondary analysis, cardiac arrests were classified as being either primarily attributable to anesthesia or not, so that mortality following each could be determined.
Materials and Methods

Study Population
After Mayo Foundation Institutional Review Board approval, we ascertained all perioperative cardiac arrests that occurred in patients undergoing noncardiac surgery at Mayo Clinic, Rochester, Minnesota, between January 1, 1990, and December 31, 2000. Only patients who had records of anesthesia were included in this review, which included both inpatients and outpatients. The Mayo Clinic Rochester Department of Anesthesiology maintains a database of all patients who experience perioperative cardiac arrest, information that is part of the department's Performance Improvement effort. As part of this initiative, reporting of all critical incidents by anesthesia providers is mandatory. A Performance Improvement Committee, consisting of staff anesthesiologists, anesthesia chief residents, certified nurse anesthetists, and recovery room nurses meets monthly to review all incidents. One of the authors (M. E. W.) has been either the Vice-Chair or Chair of the Committee for the entire period covered by this study. For each patient who experienced cardiac arrest, the Performance Improvement Committee gathers anesthesia records, physicians' notes, laboratory findings, and description and outcome of resuscitation. As part of this process, the participants in the resuscitation are interviewed shortly after the event to ensure the completeness and accuracy of the information. To ensure that all incidents were included, we also reviewed the Mayo Clinic medical records database for patients who were coded as experiencing postoperative "death," "unexplained intensive care unit admission," or "unexpected intubation"; this review did not disclose any additional perioperative cardiac arrests or mortality not contained within the Performance Improvement database.
For the purpose of this study, we defined cardiac arrest as an event that required resuscitation with either closed-chest compressions or open cardiac massage. Only cardiac arrests that occurred after anesthesia had been initiated were included (course of regional block, induction agent for general anesthesia given, or sedation prior to local anesthetic infiltration given). We included also cardiac arrests that occurred during transport to the recovery room or intensive care unit and during recovery room stay. Cardiac arrests that happened after the anesthesiologist transferred care of the patient to the intensive care unit personnel were not counted. No case was counted if the anesthesia team became involved only during resuscitation efforts. Cardiac arrests that occurred during cardiac surgery as well as during cardiac catheterization or cardioversion, even if the anesthesia team was involved in patient care, were not included. The numbers of anesthesia cases (and numbers of specific types of anesthesia) were extracted from the Mayo Clinic anesthesia database, and these numbers were used as denominators for calculation of incidence of cardiac arrest both for the entire study period and for each year.
For all the patients who were identified of having a cardiac arrest, we reviewed their Mayo Clinic medical records in addition to the Performance Committee re-port. To assess interrater reliability, three individual reviewers (J. S., M. G. C., and G. A. W.) collected data from the first 10 charts and confirmed uniformity of data extraction. The rest of medical records were reviewed by two authors (M. G. C. and G. A. W.). All unclear data entries from the source records were left open, and the final judgment of its significance was made by consensus with other authors.
The two main outcome variables were survival at least 1 h after initial resuscitation (immediate survival [IS]) and survival to discharge from the hospital (hospital survival [HS]).
Factors Analyzed
We studied several potential predictors of mortality following cardiac arrest. Patient-related factors included age, sex, ASA PS score (for the purpose of this analysis we grouped patients by ASA PS scores I-III or IV-V). Primary comorbid conditions were defined by the diagnostic criteria described by Hosking et al. 21 These criteria have been used repeatedly for epidemiologic studies conducted in our department. 22 Diagnostic categories analyzed included cardiovascular disease, hypertension, end-stage organ failure, systemic disease, infectious disease or sepsis, cerebrovascular disease, and diabetes mellitus.
Another set of factors concerned variables related to the surgical procedure and probable cause of arrest. Surgical procedures were grouped into three categories according to a subjective assessment of the level of surgical insult and associated risk for poor outcome: (1) general, orthopedic, neurosurgical, and urologic procedures; (2) vascular, thoracic, and trauma procedures; and (3) transplant surgery (liver, kidney, and pancreas). Although the level of surgical stress in these three types of transplant procedures may vary, all have altered homeostatic mechanisms, and therefore, for the purposes of this study, we considered them a special category. The urgency of surgery was defined by the ASA PS designation of "emergency" by anesthesia providers. The probable cause of arrest was in most instances determined a short time after the event by the Performance Improvement Committee and noted in their report. In cases when the cause was not clear from these records, the authors reexamined the original medical records and made a consensual decision. For the purpose of this analysis, we grouped all probable causes into three categories: (1) primary bleeding (intraoperative hemorrhage regardless of etiology, such as that resulting from coagulopathy, trauma, surgical, or ruptured vessels); (2) primary cardiac causes (including myocardial infarction, high-degree blocks, or dysrhythmias due to any etiology, such as electrolyte abnormalities, placement of pacemaker wires, and medication-related asystole); and (3) "other causes," including pulmonary embolic events (thromboembolism, air, fat, or carbon dioxide embo-lism), anaphylactic or other drug reactions, and hypoxia (e.g., primary pulmonary pathology, postextubation hypoxia or respiratory depression, upper airway obstruction, and unrecognized tracheal extubation). The primary electrocardiographic rhythm recorded (asystole, ventricular fibrillation, or pulseless electrical activity) was noted. If several rhythms were present, for the purpose of this analysis, we used only the first one recorded. The duration of surgery at the time of arrest (Ͻ 1.0, 1.0 -1.9, 2.0 -2.9, and Ն 3.0 h) was also determined. Other factors analyzed included the patient's hemodynamic stability before arrest (defined as the need for infusion of vasopressors before arrest), the occurrence of more than a 10-min period of tachycardia (Ͼ 120 beats/min), and hypotension (systolic blood pressure Ͻ 80 mmHg), or hypertension (systolic blood pressure Ͼ 160 mmHg) that preceded the arrest.
A final set of factors examined anesthesia-related parameters. At Mayo Clinic Rochester, consultant physicians supervise anesthesia providers. The primary anesthesia provider at the time of cardiac arrest was noted as being a resident, certified registered nurse anesthetist, or student nurse anesthetist. The type of anesthesia was recorded as the primary type of anesthetic being used at the time of arrest: general, regional (all types of peripheral regional blocks or neuraxial anesthesia), or monitored anesthesia care (MAC). If the patient received a combined general and regional technique, we considered that arrest occurred during general anesthesia. The type of invasive monitoring present at the time of arrest (arterial line, central venous pressure monitor, or pulmonary artery catheter) was also noted. Finally, arrests were classified as occurring during anesthesia induction, during maintenance of anesthesia, or during emergence and recovery from anesthesia. The time of arrest was also noted as occurring during regular working hours (07: 00 -20:00, Monday through Friday) or during the night (20:01-06:59, Monday through Friday) and weekends (Friday 20:01 through Monday 06:59). The rationale for this time division is that in our practice, the call team takes over call duty at 20:01 (Monday through Friday), such that in general, the number of personnel available to respond to cardiac arrest is reduced.
As a secondary, separate analysis, cardiac arrests that could be attributed primarily to anesthesia management were identified according to the judgment of the Performance Improvement Committee, as confirmed by the consensus of two authors (J. S. and D. O. W.). Unstable patients (e.g., those with bleeding aortic aneurysm) whose arrest occurred after an anesthetic induction agent was given were not considered as having had primarily an anesthesia-attributable cardiac arrest (regardless of fact that anesthesia may have contributed). Any cardiac arrest that occurred after an anesthetic drug (e.g., narcotic, muscle relaxant, induction agent) was given to a stable patient who had either immediate arrest or depression of ventilation leading to hypoxemic cardiac arrest was considered as primarily attributable to anesthesia. All obvious mishaps in airway management (e.g., inability to intubate the trachea, unrecognized accidental extubation, and lost airway during tracheotomy) were also considered as primarily attributable to anesthesia.
Statistical Analysis
The frequency of cardiac arrest was calculated for each year during the study period, both overall and by type of anesthesia (general, regional, or MAC). Logistic regression was used to determine characteristics associated with IS (Ն 1 h) and HS for patients who experienced cardiac arrest during anesthesia. For these analyses, patient age and duration of surgery were treated as continuous variables, and all other characteristics were treated as categorical variables. Separate analyses were performed for IS and HS outcomes. For each characteristic, a simple logistic regression model was used to assess the univariate association of the given characteristic with the survival outcome. Because of the large number of characteristics assessed as potential predictors, only P values less than or equal to 0.01 were considered statistically significant to reduce the likelihood of type I error.
Multiple logistic regression with stepwise backward elimination of nonsignificant variables was then used to identify a set of independent predictors of survival. Because the attribution of arrest to anesthesia-related causes (a secondary analysis in our study) is to some degree open to interpretation, it was not included as a factor in this analysis. To reduce the number of characteristics included in the multivariate analyses, only those found to have some evidence (P Ͻ 0.05) of a univariate association with either IS or HS were included in the initial multiple logistic regression model. The multivariate analysis was also performed by using a stepwise forward approach to assess consistency of the variable selection procedure. All analyses were performed with use of SAS Software Release 8.2 (SAS Institute Inc., Cary, NC).
Results
Incidence of Cardiac Arrest
Between January 1, 1990, and December 31, 2000, a total of 518,294 anesthetics were administered to patients undergoing noncardiac surgical procedures at Mayo Clinic, Rochester, Minnesota. A total of 223 patients experienced cardiac arrest during the interval between the start of anesthesia (induction of general anesthesia or initiation of sedation or regional block) and the time the patient was discharged from the recovery room or the patient's care was transferred to the intensive care unit personnel. The overall incidence of cardiac arrest was thus 4.3 per 10,000 anesthetics. The incidence of cardiac arrest for patients receiving general anesthesia decreased over the 11-yr study period from a rate of 7.8 per 10,000 anesthetics during the first 3 yr (1990 -1992) to a rate of 3.2 per 10,000 anesthetics during the final 3 yr (1998 -2000) (table 1 and fig. 1 ). The incidence of cardiac arrest for patients receiving regional anesthesia and MAC remained low and relatively consistent over the study period; the overall frequency was 1.5 per 10,000 anesthetics for patients receiving regional anesthesia and 0.7 per 10,000 for patients receiving MAC. In addition to external cardiac massage (in all patients), resuscitation efforts included the use of epinephrine in 186 patients (83.4%), atropine in 122 patients (54.7%), and defibrillation in 91 patients (40.8%).
Twenty-four cardiac arrests were determined to be attributable to anesthesia (0.5 per 10,000 anesthetics; table 2). These arrests could be classified into two main categories: (1) medication-related (13 patients [54.2%]); and (2) airway/ventilation-related (11 patients [45.8%]). In the latter category, five had cardiac arrest related to loss of airway patency, and six had arrest due to inadequate ventilation (residual neuromuscular blockade, oversedation, premature tracheal extubation, high spinal anesthetic). Nine (37.5%) arrests were related to the use of neuromuscular blocking agents. Regarding the latter, arrest occurred after the administration of drugs to reverse neuromuscular blockade in six patients (25%) and as a consequence of hypoxia secondary to inadequate reversal of neuromuscular blockade in three patients (12.5%).
Univariate Analysis of Factors Associated with Survival after Arrest
The median age of the 223 patients (130 male, 93 female) who experienced perioperative cardiac arrest was 66 yr (range, 1-98 yr). Eight patients (3.6%) were younger than 18 yr, and 6 patients (2.7%) were older than 85 yr. Of the 223 patients, 104 (46.6%) survived at least 1 h (IS), and 77 (34.5%) survived to hospital discharge (HS). The percentage of patients who survived (both IS and HS) after perioperative cardiac arrest did not change significantly over the study period.
A considerable proportion of patients (43.5%) who experienced perioperative cardiac arrest were classified as ASA PS IV or V (table 3) . Survival was significantly better for patients with ASA PS classification of III or lower (46%) compared with those with ASA PS classification of IV or higher (20%). Figure 2 illustrates distribution of IS and HS in regard to the patients' ASA PS. arrest during an elective procedure were significantly more likely to survive than those undergoing an emergency procedure. HS was less likely for patients with diabetes mellitus and for patients with end-stage organ failure (table 3) . Other characteristics found to be associated with mortality in univariate analysis included the use of vasopressors before arrest; protracted hypotension before arrest; use of an arterial line, central venous pressure monitor, or pulmonary artery catheter for monitoring; duration of surgery; and type of surgery (table 4) . Of the 223 cardiac arrests, 78 (35.0%) were judged to be related to bleeding, 98 (43.9%) were related to cardiac causes, and 47 (21.1%) were attributable to other causes (table 5) . Both HS and IS were significantly determined by the cause of the arrest, with hemorrhage associated with the poorest outcome. There were 168 (75.3%) cardiac arrests that occurred during standard working hours and 53 (24.7%) arrests that occurred during nights or weekends. The likelihood of survival was better for patients who experienced cardiac arrest during standard working hours versus nonstandard working hours. IS (but not HS) was associated with the phase of anesthesia during which the cardiac arrest occurred, tending to be higher when arrest occurred during induction or emergence than during the course of anesthesia. The likelihood of HS was associated with the primary electrocardiographic rhythm recorded and with the primary provider at the time of arrest (table 5) .
In a separate analysis, survival was determined according to whether arrest was judged to be primarily attributable to anesthesia. Anesthesia-attributed cardiac arrests were associated with improved survival. Nineteen of the 24 patients (79.2%) whose cardiac arrests were attributable to anesthesia promptly responded to resuscitation efforts and survived to hospital discharge (table 2), whereas only 58 of 199 (29.1%) who experienced arrest not related to anesthesia survived. The in-hospital mortality attributable to anesthesia-related cardiac arrest was 0.1 (0.096) per 10,000 (or 1 patient per 100,000 anesthetics). Cardiac arrests related to a loss of airway patency had a poor outcome (table 2) . Of note, no patient experiencing anesthesia-attributable cardiac arrest and resuscitation duration over 20 min survived; all of these patients had lost airway patency. 
Multivariate Analysis of Factors Associated with Survival after Arrest
Multivariate analysis performed by both backward elimination of nonsignificant variables and by a stepwise forward selection procedure identified the same set of final multivariate outcome predictors (table 6). The attribution of arrest to anesthesia (a secondary analysis in our study) was not included as a factor in this analysis. Patients who experienced arrest due to cardiac and other causes were more likely to survive than those who experienced cardiac arrest due to hemorrhage. The likelihood of survival was increased for patients who experienced cardiac arrest during standard working hours compared with nights and weekends and decreased for patients who experienced prolonged hypotension before arrest. Finally, HS, but not IS, was significantly less likely for diabetic patients who experienced cardiac arrest. Other factors significant in univariate analysis were not independent predictors in this multivariate analysis.
Discussion
Incidence of Perioperative Cardiac Arrest
In this study, we examined the frequency and outcome of perioperative and immediate postoperative cardiac arrests in 518,294 patients who underwent noncardiac surgery between 1990 and 2000 at Mayo Clinic Rochester. The overall frequency of cardiac arrest was 4.3 per 10,000 anesthetics. The frequency of cardiac arrest was higher during general anesthesia (5.5 per 10,000) than during regional anesthesia (1.5 per 10,000) or MAC (0.7 per 10,000). Aubas et al. 23 suggested that the incidence of cardiac arrest is higher during general anesthesia; however, this may be related to the fact that many high-risk surgeries are performed under general anesthesia. In our study, only 11 arrests occurred in the patients receiving neuraxial anesthesia, and this small number precluded meaningful comparisons with the general anesthesia group. The most comprehensive recent survey of the incidence of cardiac arrest during spinal anesthesia reported 2.7 cardiac arrests per 10,000 spinal anesthetics, 24 which is lower than in the same authors' earlier study 25 (6.4 per 10,000 spinal anesthetics) but still higher compared to the current study. The reported incidence of perioperative cardiac arrests has varied during the past several decades, ranging between 4.6 and 19.7 per 10,000 anesthetics. 5, 7, 9, 12, 17, 18 The most recent study 18 reported a relatively high incidence of perioperative cardiac arrests, 19.7 per 10,000 anesthetics. However, this study included cardiac surgery, which contributed a high number of arrests, and examined all arrests occurring within 24 h of surgery. In our study, the incidence of cardiac arrest decreased over the duration of the study period from 7.8 per 10,000 (1990 -1992) to 3.2 per 10,000 (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , with the lowest annual incidence of 2.5 per 10,000 in year 2000 (table 1, fig. 1 ). Such trends should be interpreted with caution due to possible changes in factors such as patient comorbidity and surgical acuity over time, although like many other centers, our practice data suggest that our patients are in fact becoming progressively older and sicker. Subject to this proviso, and considering that our data were obtained using a consistent methodology in a single center, the decrease in the frequency of perioperative cardiac arrest may imply a significant improvement in patient care over this period. Factors responsible for this trend cannot be identified from our data.
Olsson and Hallen 12 also reported a declining incidence of cardiac arrest over time (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) ) in a single center study. * Multiple logistic regression with stepwise backward elimination of nonsignificant variables was used to identify a set of independent predictors of survival. Only characteristics found to have some evidence (P Ͻ 0.05) of a univariate association with either immediate or hospital survival (tables 3-5) were included in the multivariate analysis. After elimination of nonsignificant variables, probable cause of arrest, time of arrest, and documented hypotension before arrest were found to be independently associated with immediate survival. When the analysis was performed with hospital survival as the dependent variable, probable cause of arrest, time of arrest, documented hypotension before arrest, and diabetes mellitus were found to be independently associated with hospital survival. The results of the final multivariate models are presented using odds ratios (OR), which were calculated on the basis of the parameter coefficients from the logistic regression analysis. † Standard working hours were 07:00 -20:00, Monday through Friday.
CI ϭ confidence interval.
The attribution of cardiac arrest to primarily anesthesia causes was performed as a secondary analysis, because this was not a primary aim of our study and because it is difficult to objectively determine the cause of arrest in many cases. As rightly pointed out by several authors, 18, 19, 26 adverse events often are the culmination of a variety of different factors, one of which may include anesthesia interventions (or lack thereof). In defining cardiac arrests as primarily attributable to anesthesia, we did not follow more stringent methods followed by some authors 18, 19 involving specific study-related review committees and other measures. However, recognizing this limitation, one interesting feature regarding the etiology of anesthesia-attributed arrest deserves comment. Approximately 21% of cardiac arrests were caused by airway misadventures, whereas 54% were attributed to medication-related events. Specifically, the single largest etiologic category was associated with the use of neuromuscular blocking drugs, either apparently drug-induced asystole associated with by the reversal of neuromuscular blockade or hypoxia caused by inadequate postoperative reversal of block. This contrasts with other studies of anesthesia-related arrest, 12, 14, 15, 18 which found that although medication-related events were relatively common, events related specifically to neuromuscular blocking drugs were not. We cannot explain this difference, but this finding may suggest that practice-specific factors may be important determinants of primarily anesthesiaattributed cardiac arrest. As an interesting historical note, Beecher and Todd 1 also noted an association between the use of neuromuscular blocking drugs and anesthesia-related morbidity.
Over the past several decades, the rate of cardiac arrests due to anesthesia-related factors may be declining, although comparisons among studies are complicated by differing surgical populations, definitions of cardiac arrest, and definitions of what is "anesthesiarelated." 19 Keenan and Boyan 8,13 found a significant decrease in the frequency of cardiac arrests associated with anesthesia over time from 2.1 per 10,000 anesthetics (1969 -1978) to 1.0 per 10,000 anesthetics (1979 -1988) . A report from France recorded 1.1 anesthesiarelated cardiac arrests per 10,000. 27 In the study of Newland et al., 18 the rate of anesthesia-related cardiac arrests for all surgeries (including cardiac) was 2.06 per 10,000 anesthetics. When analysis was limited to those cases "definitely attributable to anesthesia," the rate was 0.69 per 10,000 anesthetics. 18 In the current study, the incidence of arrest primarily attributed to anesthesia was 0.5 per 10,000 anesthetics. Cardiac arrests primarily attributable to anesthesia represented 10.8% of all cardiac arrests that occurred perioperatively after noncardiac surgery in our study, which is similar to the finding of Newland et al. 18 (10.4%).
Factors Associated with Survival after Perioperative Cardiac Arrest
In this study, HS after perioperative cardiac arrest was 34.5%, which is higher than the average survival after cardiac arrest for a miscellaneous in-hospital patient population (23%). 28 HS following perioperative cardiac arrest in the current study is similar to that reported by Girardi and Barie 29 (38%) during noncardiothoracic surgery between 1986 and 1994. The overall mortality caused by perioperative cardiac arrest, which depends both on the frequency of arrest and survival, has been reported at between 3.5 and 2.4 per 10,000 anesthetics 7, 12 ; our value was similar (2.8 per 10,000).
Several factors were associated with survival after cardiac arrest in univariate analysis, but only a few of these were significant independent predictors of survival in multivariate analysis. Here, we concentrate on these independent predictors and selected other factors that have figured prominently in prior reports of perioperative cardiac arrest.
In prior studies, higher ASA PS scores and urgent surgical procedures were predictors of both a higher incidence of arrest and a poor outcome. 3, 12, 15, 18, 20, 27 Our study was not designed to calculate the frequency of arrest according to ASA PS scores. However, in our study, only 4 ASA PS I patients experienced cardiac arrest, compared to 97 patients with an ASA PS of IV or V, suggesting that increased ASA PS score was associated with an increased frequency of arrest. In the current study, patients with higher ASA PS scores had increased mortality in univariate analysis, but in multivariate analysis, ASA PS score was not a significant independent risk factor for mortality. Thus, it appears that a combination of other factors associated with high ASA PS better predicts mortality (as discussed below).
The current study did not demonstrate an association between survival after cardiac arrest and patient age. In a study of age-related perioperative morbidity and mortality, Morita et al. 30 found a high incidence of both cardiac arrest and mortality in children younger than 1 month (incidence, 54.2 per 10,000; mortality, 43.0 per 10,000). In other age groups, the incidence was between 2.6 and 11.0 per 10,000 anesthetics, and mortality was between 1.7 and 6.6 per 10,000 anesthetics. Marx et al. 3 also found poor outcome of cardiac arrest in infants and elderly patients. Morray et al. 15 reviewed 289 cardiac arrests from the Pediatric Perioperative Cardiac Arrest Registry and determined that age younger than 1 yr was a predictor of poor outcome. Compared with a pediatric hospital, our institution has a relatively low volume of pediatric surgical patients, and only a few of our young patients experienced cardiac arrest. Thus, given the small number of arrests in this age group, it may not be possible to meaningfully evaluate younger age as a risk factor using our data. At the other end of the age spectrum, Olsson and Hallen 12 found that the incidence of cardiac arrest in patients older than 80 yr was 12.4 per 10,000 anesthetics, which was more than four times higher than the incidence in the 30-to 39-yr age group (2.6 per 10,000). We do not have an explanation for why the overall outcome in our elderly population was not different from that of the other age groups.
In both univariate and multivariate analysis, survival depended on the cause of arrest. Only 10.3% of patients with hemorrhagic cardiac arrest survived to hospital discharge, a rate consistent with prior studies. 17, 29 When the cause of cardiac arrest was hemorrhage, patients had much lower rates of successful resuscitation than those who had arrest from any other cause (table 6) . The presence of hypotension prior to arrest was also a significant independent predictor of mortality in multivariate analysis, with low survival among patients who were hemodynamically unstable before arrest. In patients who required continuous intraoperative infusion of vasopressors before arrest, the IS and HS were 28.8% and 13.7%, respectively. Furthermore, when protracted hypotension existed before arrest (systolic blood pressure Ͻ 80 mmHg for more than 10 min), IS was 28.2%, and HS was 17.7%. Both of these factors may reflect a severity of acute disease or surgical trespass that simply was not repairable. We found that patients who had cardiac arrest during regular working hours had better survival. Only 11.3% of patients (6 of 53) whose arrests occurred during nonregular working hours (including weekends) survived to hospital discharge. This effect remained significant in multivariate analysis, which included consideration of factors such as the urgency of surgery. Newland et al. 18 found with univariate analysis that cardiac arrest was more frequent during "evening-night" hours (15:00 -07:00). In our earlier study on outcome after in-hospital resuscitation, we found that cardiopulmonary resuscitation during nonregular working hours had lower survival rates, which was, among other factors, attributed to disproportionately higher incidence of nonwitnessed cardiac arrests during the night (00:01-06:00), especially in unmonitored hospital beds. 28 In the current study, all perioperative cardiac arrests during nonregular working hours were witnessed. Therefore, if this criterion is an independent predictor of survival, no difference in outcome would be expected between regular and nonregular working hours for perioperative cardiac arrests; however, this was not the case. We speculate that better survival after cardiac arrest may be attributed to more a more comprehensive response during regular working hours. Specifically, this response during regular working hours is characterized at our institution by involvement of numerous anesthesia personnel, and the response team has immediate access to surgical resources that may not be available during the night and on weekends. This assumption needs to be validated in a future study.
The only patient comorbid condition associated with hospital mortality in multivariate analysis was the pres-ence of diabetes mellitus. The end-organ dysfunction associated with this condition may explain this finding, although it is interesting that the other equally serious comorbid conditions examined were not associated with survival.
In a separate secondary analysis, we found that the outcome in patients whose cardiac arrest was attributable primarily to anesthesia was much better, with an HS of 79.2%. In contrast, Newland et al. 18 reported 80% mortality after anesthesia attributable cardiac arrest (4 of 5 died), while the mortality in their anesthesia-contributory group was 30% (3 of 10 died). Interestingly, although in-hospital asystolic cardiac arrests are generally associated with a poor prognosis, 28 asystole was, in current study, the most common rhythm associated with anesthesia-attributed arrests (83% of patients) and was associated with a relatively good prognosis (16 of these 20 patients survived until hospital discharge). This likely reflects that asystole attributable primarily to anesthesia in our series was associated with causes that were readily reversible (table 2) , compared with the causes of asystole in a general hospital population.
Anesthesia-related Mortality
To this point, our discussion has concentrated on the frequency of perioperative cardiac arrest from all causes and outcome following this event. Although not a primary aim of our study, it is also of interest to examine overall perioperative mortality related to anesthesia, a related but separate issue (e.g., studies of perioperative mortality alone do not include patients successfully resuscitated from cardiac arrest). In our secondary analysis, in-hospital mortality caused by cardiac arrest attributed to anesthesia was approximately 1 per 100,000 anesthetics, which is similar to prior reports. 11, 31, 31 The assumption by many in the anesthesia community that anesthesia-related mortality has declined over recent decades has recently been reviewed and challenged by Lagasse. 19 Indeed, the two most recent studies of anesthesia-attributable mortality each found somewhat higher rates (0.55 [within 24 h] 18 and 0.75 and 0.79 [within 48 h] 19 per 10,000) than ours, but direct comparisons to our study should be made with caution (e.g., cardiac surgery, included in the report of Newland et al., 18 was not included in the current study). Our study was not designed to address the question of trends in anesthesia-related mortality, and the relatively low annual rate makes it impossible to analyze trends over our study period.
Limitations
As with all retrospective studies, there are limitations that need to be considered when interpreting the findings. Although risk factors for the current study were collected using formal definitions and a standardized data collection form, the completeness and accuracy of these data are limited by the amount of documentation available in the medical record. Also, the statistical power for assessing the association of a given risk factor with survival following cardiac arrest is dependent on the prevalence of the given risk factor among patients who experienced arrest. Therefore, nonsignificant findings should be interpreted with caution when the number of patients with or without the given risk factor is relatively small (e.g., regional/MAC vs. general anesthesia).
In any study of perioperative mortality, it is important to appreciate limitations regarding the applicability of results to other settings. Our institution is a national tertiary referral center that provides comprehensive care to all ages. However, approximately 90% of patients come from within 500 miles, and the majority of these patients receive their primary care at our institution. Although single-center studies such as ours have the advantage of consistent data collection, there may be differences in our practice compared with other institutions that may affect these results. For example, the high frequency of arrests associated with neuromuscular blocking drugs has not been previously reported and may reflect some unknown aspect of our practice. Furthermore, despite the fact that reporting of critical perioperative events is mandatory in our institution, the possibility exists that over the 11-yr study period, some events could have not been reported, which would have resulted in an underestimation of the incidence of cardiac arrests. To minimize this possibility, we used other available institutional databases and were unable to identify any additional cardiac arrests or mortality not included within the Performance Improvement database. Therefore, we believe that our report accurately characterizes perioperative cardiac arrests at our institution.
Summary
In conclusion, the overall frequency of perioperative cardiac arrest in patients undergoing noncardiac surgery at a tertiary referral center was 4.3 per 10,000 anesthetics between 1990 and 2000 (inclusive). The incidence of cardiac arrest decreased over this period, but survival after arrest did not change significantly. The overall incidence of cardiac arrests attributable primarily to anesthesia was estimated to be approximately 0.5 per 10,000 anesthetics; thus, most perioperative cardiac arrests are not directly related to identifiable anesthesia-related causes. Mortality caused by arrests attributable to anesthesia was approximately 1 in 100,000 anesthetics. Although some factors identified as determining survival after perioperative cardiac arrest may not be amenable to modification, the fact that arrests during nonregular working hours had worse outcomes than those during standard working hours may indicate that the availability of human resources in the surgical suite influences survival.
